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(54) FILM- FOR MING COMPOSITION, FORMATION OF FILM AND LOW- DENSITY FILM 

(57)Abstract 

PROBLEM TO BE SOLVED: To provide a film-forming composition capable of imparting a low density film excellent in 
dielectric constant characteristics and water absorbency characteristics and useful as an interlayer insulating film in 
semiconductor elements, etc., being an uniform coating film and excellent in CMP resistance, and also excellent in 
storage stability. 

SOLUTION: This film-forming composition comprises (A) silane compounds composed of at least one kind selected 
from the group consisting of R2R3Si(OR1)2, R2Si(OR1)3, and Si(OR1)4, and R2s(R10)3-sSiRSi(OR1)3-tR2t (wherein 
R1 to R3 are each a monovalent organic group: R is a divalent organic group; s and t are each an integer of 0-1) or its 
hydrolyzate and/or condensation product, (B) a polyether represented by the general formula PEOn-R' (wherein PEO 
is a polyethylene oxide unit R' is a 5-30C monovalent organic group: n is an integer of 5-50) and (C) at least one kind 
selected from the group consisting of an alcohol-based solvent a ketone-based solvent an amide-based solvent and 
an ester-based solvent 
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(54) [389!©«lfl E^j^teJSft* K®*d^«j:tjmjHUR 
(57) imm 

[#*^&] R 2 R 3 S i (OR 1 ) 2 x R 2 Si 
(OR 1 ) 3 iSXTfS i (OR 1 ) 4 <DmfrbMtitlft 

'J>*< bhimt. R 2 s (R 1 O) 3-s SiRSi 
(OR'Jm R 2 t (R 1 -R 3 (l(^-ttS^oT^ 

Tt><*<\ Rtt2ffiO*T«g£ 

s#*tf 1 120-1 ^g»rfc£) „ ki<£irt 

(B) -WPEOn-R' (fcfclU PEOtt 
iKijxfuym^hm R' tt£*»5-3 0C0 
HB<0*T«S, nli5-5 0^rf) 
ycx-TVK *btflc (C) r^a-/w»WBt, 
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[4«flFR*4>ISH] 

[BhMJl] (A) (A-l) TEHttS: (1) -C* 
£*t*{fr&«>, (A- 2) TIE-jft^: (2) TSSft* 
ffc«**JJ:tf (A- 3) TB-flK (3) -C«*ix^k 
^•0«^6afflxfc**<itl«fc. (A-4) T 
EHBK (4) -«Six*fls*<fc, t^tn->7> 

R 1 R 3 S 1 (OR 1 ) , (1) 

R» S I (OR 1 ) , (2) 

SI (OR 1 ) 4 (3) w 

R J s (R 1 O) ... S 1 RS 1 (OR 1 ),., R 3 , 

(4) 

(R 1 -R 3 ttra--Cta4or^Tt>J:<, 
ll^til, Rtt 2 U s*3j:tfttt 

0-l<Og&T-fc* 0 ) 

(B) -tePEOn-R' (fc£U PEOtt^yx 
f KM, R' tt«*»5-3 0<Dl«O 

(c) T^3-/w*»jBC, *h 7; KXJBK 20 

[S*«2] (A) /£#<K *j^*ft£tt*5MINI 
**fc»*Lfc**fc:, (A-4) (A-l) J5fc 

#\ (A- 2) (A- 3) dKMaitf (A-4) 

1 1 5-50 If %f$) t) , d»0 C (A 
-1) S^lf] < [ (A-2) ^^St) , 

( (A- 3) ^^11) < C (A-2) A&OS 

[&#^3] (C) ffigas. T^=-/w*8«tfej:05 30 
[8S#*4 ] a#3f 1 - 3 l vf*U&* 1 

5 ) tt^4 1 - 3 1 «Ktt<Dfltflg£ 

jBartttfeawcttttu (b) &&<D#Mm&*m<D 
-®&~vi}mb-x-<A) fS&z-miitzit, *^-c±e 
(b) &&ofmite&±(DitevimifT* Witts* 
5»*a4iaR©ao*j«*fe l 40 

[M*9 6 ] »#g l-3i i fflBtteimM 
NiajMfrStEKft* U (B) J«»0»««B«a±0 

[?s*^ 7 ] a*« 4-6^ v«ta* i m&n<DWi<DM 

[0 0 0 1] 

■ U *6IC»U<I4, ****** Wci8l*6«r»l*fe so 



ttwmtL-c. nnmm* a**»ttfc»u cm 

[00 0 2] 

(S i02 ) Ka*#JB$*iT^S, «t LTx iS*^ 

OG (Spin on G 1 a s s) Ii:TO^r F 
77;^^>7 VOiD*5HJP£ jjMfe £ fc i- 5 Si* 
S!ol6«aK<>«ffl*ix6J:5fcftoTV^5. ¥* 
***4*oK**fl:fc#ir\- ^ISOGW^^K 

OS b*5K*a^#B<k^f|it\ J: 9ff^9fm 
[0 0 0 3] *£"C, #^^6-1 8 12 0 HHfc«fc 

fk^4«8M*£ii-Tfc** 5 0 0 « 

<r>mn.m*. 3. owt^j), Kawkicfa^as^-c 

[0 0 0 4] 

www** t jt b t -tzmm] *antt. ±fsisnflA 
6, 

[000 5] 

[gftffi*#ft-r*fcfc<^ja] *3bmmu (a) (a- 

1) TEHBtt (l)>***u^k*« (ST r-fb-g^i 
(1) J tt>^5) > (A-2) TE-«^: (2) t?« 

Sii6^*«i («T rft#ft (2) j it ^5) J3j:tf 
(A- 3) Tf£-*«: (3) vmSMteet* («T. 
rfl:*« (3) j 4*1*5) o«*fc»tfixfc*jfc<i 

tilt, (A-4) TKHtt* (4) Tt^n^ft^ 

(^T rft*» (4) j 4t)V>5) . bitt-tzis 
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(SIT* *n«u r (a~i) a&i % r (a- 2) 
s (A-3)rt»j. r (a-4) *»j itv^ 

R 1 R 4 S 1 (OR 1 ) 3 (1) 

R 3 S I (OR 1 ) j (2) 

S i (OR 1 ) « (3) 

R J s (R 1 O) S IRS i (OR l ) IM R' t 

(4) 

(R 1 ~R 3 tt^-r*tS^oTt>Tt X<s *tl?tl 
im<Oti®&. Rfi2«tf>*«X**U s&itfttt 10 

o-iog&-e*>* 0 ) 

(B) -KPEOn-R' (fcfc'L, PEOIlzKyai 
^ l^***^ KJJMfc, R' tt*ai»-5-3 0OHiO 
*T«X. ntt5-5 0©Sfti*t) -CSS^aKya: 

(C) Tfra-MOWL 

(a). **#£s^d;Jc##*& 

**fc**Lfcfc*fc. (A-4) (A-l) 20 

(A-2)jjfc$h (A-3) JBJMMSitf (A- 

4) *»©«*c»ur5-5 0i:*%-e*>B, 

C (A-l) < C (A- 2) a&nm 

fi) . [ (A-3) M^It) < ( (A- 2) 

iti . t*fc6:^^u\ (o tmt\* 

X. 7A>=-*Jkmk&£V/*1tn*b>J£mtim 

fcWfrU (B) *^O5W»«aK*»<0iWC*DjftLT 
(A) rt£fc-«BM:S-*\ *^-e±B (B) 0&<o& 

^m^fcssic&mu (b) &&<DfMttesi 

[0 0 0 6] 

y^-4LT. (A) j«» [ft** (1) (4) , * 40 

JMr**-*-6im4 t-C**© (B) tfy^-Tvufcffl 
t\ (A) - (B) rt^WBtLT (C) MKtrJB^ 
5 0 X. (A) - (C) ja»«r**i-«5*JBW<oa 
Attn, »KS*ttlc*ii,.coaj«i|fc«r % SSSfctt 

fcfe#U *LTiDjfclcJ:!!K (B) #yx-f/^J: 
0? (C) mt<D»&b* (A) dt»o««l8*tfT4 5 
4, (A) j«»A5Xf?^ft*fcttE*»5H-oJBl«:*j« 
i-*tfctfc. (B) #y*-^##* so 



Six, »«*W6<* fi»*ttOfciS>««ft»tt<o$S 

[0007] (a) j*$Mc*5rt*±KaD*£# 

ttfcfi. ±E (A) ^Sr*^f5ft^ (1) ~ 

(4) fc**n*R' o-xi-^Tj«i07k$^$ft-c^ 

■^^feo»*«-cif>ort J:i\ (a) ri&ictt 
•tS±iato»fiJU (A) *#**MM-ftft«tt (l) 
- (4) <Dto&5my><Oi'7 VTS i - 

O-S ife&^Jg«Lfct>OT-*>6*s, 

gflO -> y / -/uXtfUf l fc fc tf\ jNtettfifttfA&o 

[0 0 0 8] ^T> WMlWH^MtS (A) - (C) 

[00 0 9] (A? jfiftft 

(A) 4-61SOR 1 O-XfclTt-S'fbfr* 

(4) *»bttj<£Jl« (A- 4) *»*tim*»b'\*X 
ttfflU -tlfc (A-l) . (A- 2) *J:W/*fctt 
(A-3) SrflWBr*. *»Wfc*lr^T, (A-4) A 

±SB-«W: (1) - (4) fcfc^T, R 1 -R 3 II, m 

^X, ry/ug, ^y^/u**if«r*if5^4*s-e# 
x. /ntvn, 7**\<mt£i*&mibti. »*L<ii 

\zm&£tix^x*>£\,\ -ts&: (i) - (4) fcfci* 
[ooio] (i) vm$ti*ib&to<DMr#Mb 

'>7V, ^f^-^~te r t-y^'»7^ 

Y^i/i/y^^ A,— is- n 

d^^->v^7^ so-^n^i/ 
7^ ^-i;-n-/h^>i/7^ v^m^/P- 
^-sec-7'h#'>^7^ S^n^vU— S?— t e r t 
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n-T'n tT/ui/^ Y**si/y V> ^-n-^of/^x 

-^D f/P-i/- t e r t -7 h*fi/y v>-n- 

A-v*> h^rv^y^ 5?- i s o-^oe/U^x b*cis 

7^ 5*- i s o-^nf/u-;- i s o-Z/ntf*^ 
•>7^ i*- i s o-7'ot , /U-y-n-yh^»7 
V, y- i s o -^d fcVu-v?- sec-:/ h*v^>y 
v?- i s o-^^-i^-t e r t-7h*->-> 
7>, v 5 - i so-^oe/u-^-yiy^w^ 
h >\ 3?-n-^*W5?:* 

y>\ v^-n-^^/L^-^- i so-7'D^>y7 

-yf/U-i;-sec--^^-»7^ v^-n-yf 
/^-tert-T'^m^ v'-n-y'fvU- 
v?-7x/^7^ v^-s e c h^r*> 
>y S/- s e c -/f/^x^^i/y^y, ^- s 
ec-^-^-n-7'n^yy7^ *J- s e c 
-7 7 f/l'-i/-iso-7'ofr/>7^ :/-sec 

/V-v?- s e c -7 b^cisi/y v^-sec-^ 
-is- tert i^-s e c-^?vP 

-^-7x;^yy7^ ^-tert-^f^h 
3r*>*>7>\ S?— tert — zf^/Ui/^ V Crisis 7 >\ 
S?-t e r t-^-^-n-7'o^'yy7^ 
-tert -T'^JV—V— i s o -y^oxK^>->7^ 

t e r t n — y* V ^rv'v'y >\ is— 

t e r t — ^7l"— s e c -T'^yy^, 
tert -y^/U-v?- tert h^ryy^, v 5 
-tert -7'f/l'-v?-7iy^yy7^ .5*7* = 
/Vi?* F^ryy7^ v^7x^-y-x h3rv">y 

./P-y^i s o -y!n.#j^^yU^ v?yT * xvb~ y?- 
n-y*h*->i'7>\ ^7xx/U-^-s e c»^h^ 
^>y >. ^7x=/P-i/- t e r t -y^ 
V, ^7*=/U^7*y^^>7V*^d5*tf bit*, 

[ooii] sfc, -jbk (2) -caaFiisfc**©* 
ftfltum >f/^y^h^yy7^ **ywMj 

xh^>i/7^ >f/Why-n-/c^>y7y % 
^f/PHI- i 5 o-7otf t^/lsb})- 

^v^^HZ-tert^ h^-yy7 >\ > 
F!l7xy^yy7^ x^hy> ^-/>7>, * 
f/uhyxh^yy7^ xf/uhy-n-ro^y 
->7>\ xf/uhy- i s o -T'D^yy, 31^- 



30 



50 



;Uhy-n-/^->y7^ x^/u h y - s e c-y 
H*5/5/7V* xf/^^-t e r t-y'h^rv'v'y 
^ xf;Uhy7x;^>;>7X n -7"n tf/U h y ^ 
h^>'>7>, n-^n fcT/U h y^x h^>V7^ n- 

y - i s o-ynTK^-^i/y^, n-^o tf/vM/ - n 

>>y > x n-yof/Uhy- t e r t-7 h*v">y 
n-7'Df^M7x;^yy7y, i-7'of/U 
hy> h+i/y7>x i-7'o^hyxh^yy7 

i-7'ne , ;^y-n-7'D^yy7y, i -y 
a tVu h y - i so -:/n tf^rv'v'y V x i ->^n t'/V 
hy-n-yh^y->7^ i-^DtV^y-sec 
-T'h^v'y^^ i-7'o^hy-tert-7'F 
^i/yV, i-7'otVuHj7x/^yy7y, n- 

/f^hyy h^*»7y, n-y^/uK yen h^->-> 

7^ n-^TvH* y -n-T'DjK^fv/iyy V, 
^/Uhy- i s o-7vtf*isi/yls, n-y^/Vhy 
-n-y h^»7^ n"7 r f/Uhy-sec-7'h 
* s s 9 sy >\ n -7*71' hy-tert-y 

n-/f/Vhy7xy^yy7^ sec-^/U 
hy^ h^»7V> sec-^-hJIxh^yy 
7 >\ s ec-7 / f^-hy-n-7'n^'yv'7^ 
s e c -/f h y - i s o - 7'o^->y7 X s 
ec-7 r f^-hy-n-7'h^>y7V, s e c -7 
fvU- h y - s e c-/^^^ s e c-^/U 
-FJI-ter t-^h^-W^ sec-yf/V- 

hy7xydfyy7V, * h**>i/y 

>\ t-Zf/Hyxh^y^^ t-yf/i^hy- 
n-7n#*>->y>\ t-^Fy-i so-T'n 
^'/>7^ t-y^/Why-n-^h^iyyV. 
t-^hy-s e c-7 t-^/V 
H-t ert-yh^^ t-7 r f/Uhy7x 
^•/>7^ 7xX/Uhy> h * V">y ^ 7x^ 
hyxh^»7^ y^-iv ^y-n-^niK^v'^ 
y 7xx/Phy-i so-yDiK^yy^^ 7x 
^hy-n-^h^^^ 7xx/Uhy-s e c 
--Xh^yy^ ^_y3L-/U-b y-ter-t =7 h 

>7 V, 7xX/U h y 7x/ ^^7^4^15^ \f 

x;uhy^h*^7^ f^hyxh^yy7>, 
v-T^^oe/^y^h^^^ 
P^hyxRyy7^ y-tn)i/V*ci/7u\f;i, 
hy^h^>*>7^ 7-^y*>K^r^ne/UKyai 
h*->iyy>\ v-hy7PP7 > ptf;vhy^ h^i/i/ 
yy, y-hy7PD7'of/uhyxh^v'y7Wj:^ 

[0012] isb\^ Htt* (3) ■e**ix5{k'&*o 

LTflU * hyp' ^yy7y, =r hy=- 
i/*sy> s f h7-n-7'D^yy7y, fh7~ i 
s o-7 J ofr>y7y, 7h7-n-^h^y7^ 
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Th7-sec — :/ b Sri/is? 7h7-te r t - 

[0 0 13] (1) - (3) tf>5*>. #£L< 

tt> =r by* F^-/7^ r h^ h^r->->y V x x 

h7-n- yn^v/*>7^ r >7-i s o — T'otK 
y^/whi;^ h*V'V'7>\ ^f/Vhyx 

h*^^ ^;l/MI-n»ro^'>->7^ * 
fvU hy-i s o-^n^^r^'V^^ 7i^ h V * 

n/l^^ h^r->->7^, W^-iWjx. V*ci/i/y^X~ 
fcU, WCff*U<f4. Th7> h**->7^ X h7 

/l/^xh^^Vt^^ ^tlh<Oi\&<& (1) - 
(3) li, l«*>5^tt2a«±tra*lcttfflLTtJ: 

[0 0 14] ±B-«W (4) fc*3V*T, Rtt. 

--T\ ±B-*« (4) fc*Sl^ 2ffi<0^«S 

r^xtxt^o iztis (4) Iw*5v>t. ry-u 
[0015] -«* (4) T»Ssh,5fc**<&#i#«i 

LTIS, (bV* h*Ui/1)A>) *9^^'Xx (h 30 
UisVM Xx (hy-i y 

tr* (hy-5ec-^h^>y^) tr 
* (hy-t-^h^c^y/i') *fi>t*z<DXx (h 

[0016] 1, 2-^* (hy^ h^r'>">y/U) a:* 

v x i, 2-f* (hy^h#^>y/u) 1, 
2 -if* (hy-n-:/ci#*v'->y/io 1, 

2-f* (hy- i -T'n y/u) 1, 40 

2-xx (hy-n-y^^^y/H 1, 2 
-tr* (hy-s e c-^h^^y^) ^*>\ i f 
2-tr* (hy-t-/h^-»y/u) x-f^ttza) 

1, 2-tr* lbVT/^^^>l)^) **>m; 

[0017] 1- h^^^/uvy/u) -1- 
(hy y h^->->y^) ^^v, 1- (s;s h 

/P->y/U) -1- (hy^ h^->v-y/W) i- 
(^-n-t/ntf^Wfvl^y/U) -1- (hy-n 

-yuifiici/i/})*) **is x 1- (^-i-yD^ 
•»^/u->y/u) -1- ( hy- i -:/o#*'>->y » 
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A-) 1- (v?-n-^h^r->^^'>y/U) - 

1- (hy-n-^h^^^y/U) 1- (is- 
sec-^^^Wy^) -1- (hy-sec 
-yh^v/->y/H ^<^V, 1- (^-t-^h*^ 

^/u->y;u) -1- (hy- t-y h^rv->y/u) 

>/<Cif0 1- (^T/U^^^/u^y/u) -1- (h 

[0 0 18] 1- {i/t h^i^f-A^y/io -2- 
(hy^ h*v">y/i-) ^*v x 1- (^^wf 
/ui/y/u) -2- (hy^h^'>'>y/u) ^*>\ 1- 

(S?-n-7n#*->y^/W$/!lA0 -2- (hy-n 

-:/ci#*v'v'y/u) ^*>\ 1- 
v^^/i^y/u) -2- (hy-i-^B#*->?/» 

/U) :n*>\ 1- (y-n-7 r h^f/V'>y;U) - 

2- (hy-n-y h^rv-v-y/U) 1- (v>- 
s e c-^h^v-^^L-Vy/U) - 2- (hy-sec 
-■?b**Sif9A>) ^*>\ 1- (v?- t-^h^rv^ 

^/u^y/u) -2- (hy- t-^h^'>*>y^) 

>t£¥<Dl- (vT/U^^rv'^^/Ui/y/W) -2- (h 
y7/V3*i/^y/H 

[0019] ^^^f/^y/v) 
-:/n#*$/>3vu*>y/u) ^^y x tr* (it- i -:/ 

'>^^/U^y/U) ^^V. tf^ (i^-s e c-^h^rf 

^^/^y/u) t'j^ (^-t^F^f^ 

i^y/V) ^^^/.f^tOb:^ (^T/V3^r^^^yU'>y 
p<^^IS; 1. 2 -XX (i/t h^rv^^^/U->y 
/W) rc^V. 1, 2-t'^ (^h^^^^Wv-y/U) 
1, 2- XX (v^-n-^BjK^^^^yU^y 
/V) l, 2 -XX {is- i-zfutf*c*st*?-j\, 

isV/is) ^9y. 1, 2-fc** (i^-n-^h^f 
yU->y/U) o:^^ 1, 2-XX (i^- s e c-:/h* 

•>^^/u->y/u) m^^, i, 2-^ (v^-t-^h 

^^^yw->y/u) ai^W^ifOl, 2-kfJ^ (i/T/V 

[0020] 1, 2-^ (hy^ h^->v^y/i-) 
1, 2-r* (hy^h^->^y/u) 

1, 2-^ (hy-n-r/n#*v->y/l0 -<^if 
1, 2-lf^ (hy- i -7t3tf*i/*s!)/u) 
1, 2-t*^ (hy-n-/h^»y/u) 

-e^ l. 2 -xx (hy- s e c-y h*v^>y/io 
^v-^v. i, 2-^ (hy-t- h*v">y/w) -< 
^fy, 1, 3-^ (hy> h^i/y/u) -o-if 

y. l, (hy^h^r^>y^) ^VifV, 

1, 3-^ (hy-n-^B2K^->->y/U) 

i, 3-^ ( hy- i -:/b y /i,) 
■^^ x i, 3-t'^ (hy-n-y h#->^y/u) 

1, 3 -XX ( h y - s e c -Zf h^r'>">y/U) 

1, 3-^^ (hy-t-yh^»yyu) 
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-o-tfv, i f (hy* h^e^y/io -o-i? 

1, 4-tf* (h!ixh^>i/y/P) ^>-tf>\ 
1, 4-tf* (hy-n-yozK^r^i/yyU) -<>-fef 
1, 4 -If* (M- i -:/n y/W) 

1, 4-^.(hy-n-yh^»y/u) 

1?y x 1, 4 -If* (h!)-sec-^h^-»!iyu) 

^yfy, i, 4-tf* (hy- t-y h^r->'>y/v) 
ShaitfftfscfctfTfes. rtu^o^fe (4) 

tt, ia*>5v>fl2aK±S:RI«Fic*6ffiLTtJ:^ 0 io 
[00 2 1] iSWfrg* (4) tf* (hy/ h 

^rv^v-y/u) y*>\ tf* (bv^h^y^v/^) 

>te¥<D*X (hJI7/^^>*>y/U) y*>; 1, 2 
-tf* (hyy h^r->->y^) ^*y. 1, 2-fcf* 

( hy^ h^v->y/i-) a^wjtif©!, 2 -if* (h 

y TyU=i^rv->y/U) ; 1- (^y Y^yt^jV 

-yy/v) -1- (hyy h^v-y^) y*y. 1- 

(i/rt h^r^^/W^y^) -1- (M^h*v">y 

aO y*y&<!foi- (-^r/^=i^rv'^^/U'>y/u) - 

1- (hy7/^^^>y/W) ; 1- (v?y h* 20 

v-y^vi^yy/u) -2- (hy y h 

V v l- (is*. b*i/**'A'i' l JA') -2- (hy^h 

y/u) -2- (hyr/^#v->y/u) ^y ; tf* 

•>y/W) ; 1, 2-tf* (5?> h*io* 0 

/U) 1, 2-tf* h^r^^/^>y/V) 

^yft^oi, 2-tf* (^rvu=*->*?vu->y 

/P) a^>- ; l, 2-tf* (hy^ h^r->">y/U) 30 
*tf>\ 1, 2-tf* (hy^i h^r->*>y/^) ^ytfy, 

1, 3-tr* ( hyy h^rv->y/w) -o-tfv, i, 3 

-t'* (hyni h^ri/i/y/U) ^i^>- x 1, 4-fcf* 

(hy>h^>y/u) -<yi=fy, 1. 4-tr* (hy 
^ h^v^y/^) ^<yi?v#£*otf* (hyr/^^i/ 

i/y/U) ^<yi?y ; jJS»*L<, 4*fcfcT* (hy y h* 

v^y/u) y*y s tf* ( h y^ h^rv->y/u) y*y 
&ir<£if* (h y7^3^->->y^) y*y; 1, 2- 
tf* (hyy h^y^y^) ^*y. 1, 2-tf* (h 

y:n h*-y*yy^) x^W/^Ol, 2-tf* (b])T ao 

/up^^yy/w) ^*y##£U\> 
[0 0 2 2] ±E (A) (1) - 

(4) *tt*#fe »^**5H^ R 1 0-*C^$ix 

SSl^S*:!)* 0. 2 5-3*/W*«:«lf^rfc 

*W*L<. 0. 3-2. 5*/Wfc&tox.ZZ.k&& 

[0 0 2 3] (A) *»«r«J«i-6ft^* (1) - so 



(4) fttoKJM* ffi££*56Sfctt, »aC4:ttfflLX 

«m»bl .*r*sa, j&t8£S«r*fs 

[oo2 4]^i/-hfb^iim h 
y^h^v-^ey (r-t^/ur^ h-t— K) ^*y, h 
y-n-yo^-^ (r-t^/vr-fe h*— h) ^ 
*y. hy- (r-t^r-fe h^* 
-h) ^*y* hy-n-^h (r-fef-^r 

irh^-h) ^*y. hy-sec-/h^*V 
(Tirfvur-fe h^-h) ^*y, hy-t-^h^> 
•*-y (TirfvUTir h^- h) ^*y, ^h^rv'- 
If* (T-fe^T-feh^-h) ^*y. i?-n-7utf 
**y- tf* (T-fe^/WT-fe: h-^-h) f^V, v?-i- 
^n^^ri/- e* (T^/l-T-feh^-h) 
-n-^h^'>-t'* (r-fe^/UT-fe h-^- h) 

h) v^-t-^h^*^ - f* (Tir?vW71r h 

h) ^^v. ^y^h^r^ - hy* (r-fe^r-t 

h-^-h) f 1 ^^ ^y-n-^njK^r^ • h y * (T 

ir^/ur-fe h-t— h) ^^v. ^e/- i -:/n3EK*s/. 
hy* (r-fe^r-feh^— h) ^ey-n-^ 
h^r*>- hy* (r-t^/ur-fe bT— h) ^ey 

- s e c -7 h^-> • h y * (r-t^/wr-fe h^- h) 

^^>- x ^/-t-^h^rv" hy* (T-fe^/WT-feh 
^— h) Xh7^r* (T-fe^T* h) 

hy^h^ix-^ey (xf/P7th7tf- 
h) hy-n-T'D^y-^ (^/ur-t 

h7tf-h) f^v, hy- i-^n#*s/-*y 

(i^r* hr-fe^-h) hy-n-^h^r 

■ ^ey (Ji^UT'fe h7tf- h) ^*>\ hy-s 

ec-yh^'*/ (if/^t h7tf- h) f 1 ^ 

hy- t-:/h*->-*y (^/wr-fe hr-tr- 

h) f^^V, v?3ih^r*>- tf* (Ji^ur-fe F7tf- 
h) v'-n-r/oxK^v" ^* (ai^Tirh 

7tr- h) fflSs *s- i -ynzK^ri^ • If* (xf 
/UT-fe hT^f^-h) ^n-^h^rv" t'* 

(^/UT-fe h7tf - h) i^-sec-^h 
^-v" tf* (zn^UT-fe hT-fe^- h) ^^V, v>-t 
-^h^rv" If* (^^/WT-fe: hr-fex- h) 
^y^h^r->- hy* (xWth7tf-h) 
y. ^/-n-T'oiK^y - h y* {^/UT* bT± 
T-b) i -^njK^->* hy* (^^ 

/UT-t hTir^-h) ^^V. V-n-^h^rv" h 
y^ (mfvKTir h7tf- h) ^ ^ V, ^-sec 
-^h^'>- hy* (xf^7th7tf-h) 

t-y h^r->- hy* (xf/i,7th7tf 

- h) ^^y. fh7^ (^i^r*t h7tf- h) 

?^>\ ^-y (r-fe^r-fe h^-- h) hy* 

T± bT±T-b) tf* (7tf^7tht- 
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h) tr* (^^/urir hr-^x-h) hy* 
b) f^y^^f^^u-h^; 

[0 0 2 5] h!^3Lh=¥->'^y (T-fcfvUT-fe h^- 

h) ^31- ^ hy.-n-yD^>^; (Xir 
iy-^ey (Tir^/ur-fe h-J— b) -//^-^^ hy 

-n-^h^-^-^y cr-fc^r* h-r- b) ^;ua 
hi— b) hy-t-^h^-^; 10 

i*. i -7atf*ri/. VTs (T±^T^ bi— 

b) ^_ n _^ h ^^. fc ^ (7ir5vU 

^y^h*v" hy* (T1??vKrir h^— b) V 
jVzzzLtpK^ ^E-y-n-T'ptf^rv' ■ f*y* (TirfvU 20 
Tirh^-h) = qey - i . 

hy* (Tir^yur-fe h^- h) ^3^^, ^ey- 
n-:/h*v" hy* (T-t^mbi—h) 

^/-sec-y^i/- hy* (Tir^vUT 
1?h^-h) v?/u^-^ix x ^y- t -/h^ry • h y 

* {T±^/lsT~£ b-T-h) i/^zj-tJ*^ fh7^ 
(T-fe^r-fe h**— h) b ] J^b*is 

• ^y (oifvuTi? hrtf- h) hy 

-n-7'P3tf*-> • ^y (3i^/UT-t hT-fer- h) ^ 
/Un - h y - i -7"o#^rv^ ■ qey (:xfvWT*fc 30 

hT-tx-h) ^3 = ^, hy-n-^h^->-^e 
y (^/UT~t bT*T- b) ^3 = ^, hy-s 
ec-^h^'^y (^?vWT1r h7tf- h) ^/U 

3=!)^ hy- t-:/h*->-^y (^fvurirhr 

il h7tf- h) i//V=r- r>A, v?-n-^O^^r^- 

^ Cxfvur* h7tr- h) y^3-()^ i 
-^nzK^rv" t^* (^fvUTir h7tf- h) i//U3 
v>-n-?'h*->- r* (if;l/7th7tf 
- b) i?;U==.$^ y- s e c-:7h*iy fcT* (rc 40 
^Tlr hTir^- h) '^3=:^, >?- t 

r* (^fvur-t hr*^- h) -^3=1)^ ^ 
yih^v" hy* (^/ur-fe hr-fer- h) ^/v= 

^ey -n-Z/ntf^rv- • hy * (^/VT±b 
7 ±7— h) y^r:^ ^y- i -^ n ^^«> • h 
y* (xf;U7t hT-tr- h) r>^, ^y- 

n-/h^>« hy* (ai^rir h7tf - h) vvU 
33^, ^-y - s e c-Zfb^ri/ - hy* (ztfvUT 
± hTirx- h) v?/U3-r>A N ^y- t h*v- • 
h y* (xf;u7th7tf-h) y/^3r)i, 4 x h so 



2001-49179 

12 

7** (m^/UT-fe h7tf- h) v?/V=xir>A, qey 
(Tir^/u-Tir h-*-- b) hy* (^^r-fehr-feT 
-h) ^3x-)A, If* (T-t^/VT't h^— h) If 

(T-t^/UT-t h-*-- b) *J (^3-/l-T± bT±T- 
b) ^/U3-y*i,#^o^/U3-£j^u— bit&fy ; 
[0 0 2 6] hy* (T-fe^PT-fe h^- h) T/U^3i 
hy^ (^/vr-fe hTir-r- h) T/u^-^jx 

[00 2 7] mWmt LXtt, , fcT 

Wts /1->Wts 7^yg, 

-f^«, y^/^n^ x r^trv», « 
A^K. istt. yy^hSfc. 77*k>», 
2-ai^/^^f->^ x aM^-f wyy^, y 

Bit, hy7/UtP^ ^nv®S N X/UjJ>^ 

be, y-^^m. m&mt£Z%mi 

it v^&ttz&mfzztwzz. 
[0028] tiistim ^x^, try^> x t- 
n-yK e^<7^^ eny^ e^y^v-, t>ny 
>-> hy^f/W75>> h y % V. qe-y^^y 

-^7^, y -/VT ^ fv^ey ai* y 

— /wr ^ ^ey y ^/ui/oi^ y — yur ^ >\ hyrc^ 
;-^7?y, ^7f^n^7^ i^riftfiy^ 
oVt^ i/7f^n^yrty, x h7^f^7 

h y *«Mk* y *swk/<y tKsmw 

[0029] rH6««o5*>> Kk-&4fe. 
«ttlkdW« L< % J: 9 »* L< tt, ^«»4r 

*««*«t^fc, AD*^«*5J:tm-&SlC^^^y-r 

[0 0 3 0] ±f5«j«Oftffifirt:. ft&m (1) - 
(4) (OR» O--C^$ix^Sc0^1:i^/M^Lr. 
mi%. 0. 0 000 1-0. 0 »^L<(10. 

ooooi-o. o l^e/u-cfc^o 

[oo3i] (a) asMfi* (i) - (4) <rm 

^fift^^St?, il^ 5 0 0-3 0 0, 0 0 0. 
ff*L<tt. 5 00-2 0 0. 000. £blzRl£L< 
HI, 0 00-1 0 0, 0 0 0iS-Cfc5. 
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[oo32] (a) *dt»*^ani*» 
Mm&mzmLfzkz\^ u-4) a&i± % (a- 

1) (A-2) jfcjh (A— 3) JEjt#&«fcU 5 (A 

5-4 5S£%, $ e>tr#£ t< in o-4 5S£%-e 

*>9, [ (A-l) f&#<DM&) < t (A-2) A 
^Olf) , [ (A- 3) *^(Dlf) < ( (A-2) 
TfcSo (A- 4) fie^5£fi%*3ST 

tt*«FAi*»K 5 0li%$r]@x5i:, KtM£ io 

fc> [ (A-l) ^OSi) < [ (A-2) &&<D& 
S] % [ (A- 3) j£#eOSfi] < C (A-2) /jg#eo 

{b&« (1) - (4) OS iOR 1 S#l 0 0%AO;k# 
jHUTSiOHlift!!, £ ^I^I^LTyD^- 

[0 0 3 3] (B) zKyxc-^r/U 

(B) iKyai-^irLTfi. TS2-#5fc (5) 20 

ft* # y i/^^y efc^, 

PEOn-R' (5) 
(fcfc'U PEOIJiKyxf i/^tW K¥& N R' 
ttKI»5-3 0(DlI(Otil, ntt5-50Og& 
) 

[0034] co (b) #y=-- s r/i'<D£tD\znmtm 

3ttt. TIE-** (6) -C«**t5. 

R 4 - (CH2 CH2 O) n-R 5 (6) 

R\ ttfc KnSrvvl^ ^/U^^^S, 7VU 
=» h y r/u=i^->->y/ug x (H7^3^> 30 

«**f4 5KT-C*>9, R 5 tt&i£&5-3 OOlffiO 
[0 0 3 5] ±KHte£ (6) Idfcl^T, R 4 LT 

7n#*i/£, hy^h^p^s, hy 

- / h^r^yWl^v/S, hy3ih*^>yyuy h^r 

2- hy/ h^r->->y/^h^->s. 2-hy^ 

h*is*s9*'=-b*$'3&* 3- hy/ h^r-Vi/y/U^D 40 
3- hy^L h*r^^V/l'7ntf*c*sgtelfZ 

*«r»rf*C4^r#6. ±S5-«5S (6) left 

»5-3 OOr/W^uS^r^lfeCdr^Tt, #£L< 

ITU, «*»l-2 4or/w^ywS^^rt*6 so 



7 Zh&VZ. #£L<tti£SlTyu* 
< lig^T/v^ ^S/^/UsKs/^t:*^ SC fc#-C# 

[0036] (6) vmztiz (b) d<yx-f 

^/Uai— r/K ^ li xf u y ^ i) 3 - y 
— 77K #y xc^uv^y =3— yu^y-^^ytoi— x 
/K tfy^u^y 3-;^yt^f^x-f/K # 
y ifi/y^D 3— yu^e-y yxx/toi— tvk ^yrcf-u 
y^Ha-zR/r^x/ux-r/K #y xi^u-y^y 
=— yvqfry y-vy^ -/ua:— TKyj-^uv^yzi 
-/^; K7^^x-f/K ^yxf uy^y =x— yi< 
*y Fyr^x/ux-f/K zKyxc^u^y 3— yu^e 
/rh77*=/H-r/K jtf y ^i^uv^y n— yi^e 

y^f-^&xiyWaL— tvK zKy ^x^U^^y 3— yu^ 

/ "r/K #y U^^y n— yU^ 

/ S "t^ffl xzyUxc— rvK sKy o:^U^y 3— yU^E-Z 

✓fx^-yuxc— ryK ^y^^u^^y =3— yu^ey^^ 
=tih^yum— -r/K xKy^i^uv^y 3— yi"=ey K=*f- 
x/ux-f/u x ^y xfi/y^i) =i— yi^qey hy=t- 
yuoi— iKy m^u>^y 3-/^;f h7^fx 
yuac— 7VK xKy^f^u-^^y 3— yu^y^v^n-^- 
yuoi— 7VK zKy ^^uv^y 3— yu^ey ^^r^-=t^- 
y^— ^y^^u^/^y yU^-y^^^ra-^- 
yum— tvK ^!J xf i/y^y ^-/v^-y ^-^^ rf-^^ 

yum— xyK ^yxf L/y^ij yU^ey yfafx/u 

31— x/K ^yxf L/y^yn-;i/qey hyrxr^^xi 
yux.— r-y^ifcozKyai^uv^y 3— /uryu^ryu^- 
n eyum— 7VK h y / h^ri^>y yUm— ^y^ h y :x 

h^yyy/i^x-f/K h y ^oxK^iz^yyum— r 

h y / h y yi-/ ^yum-xyK h I) ^ h 
iy y yu-y J-zU^—rsK 2-hy/h3rv">y yu^^yu 
31— ^/K 2 - h y 3i h^rv^y yU3i^yw-c— ^yu N 3 
- h y / h*v">y fy^— ryu s 3 - ^ y 3: h 
•> y yw ^ o ywm — xy^4 ifo y 31 ^ u > ^ y n 
-yuryu^ryu^-^yuK^* ; 

[0 0 3 7] #y3if-u-v^y 3-y^y-p-y^yu 
^aixzyusi— ryK sKy^uv^y 3 -yu^y_ p ^ 
3if L yw>'c C xiyU3i— ryK 2Ky 3i^u^^y =1— yu^y 

-p— y^Pf/W73i^yU3i— 7VK ^y 3i^UV^y x: 
— yl^ey-p-y^yU7a:xiyU3i— ryK iKy 3i^U> 
^y =r— yb^-y-p-^O^/W^^riyUai— 7^yU N #y 
xf uy^y xj — /U^e y - p -^^r^yyU7 x/ux— f 
yK ^y 3i^u>^y x-zu^y-p — :/f/U7xx 
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- y ^/uy a: 3/P3i— tvk #!ixf i/y^i/n-/^ 

tvK tfy^uv^y a-/V*y-p- h yf^-zu 
7x=/ux-f/K #y3i^u^y /u^E-y-p- 

— /U^y-p-^V^x^7-^7ai^/U3i— r/K #y 10 

3 — /V^ey- p -A^f^s^7 aS ^ 

31— tvK ^yxf L/y^y p — ^t^t" 

^^7x^;^x-f/K J^ilxf U^|j3-;RA 
-p-^^T^fc — /I/7i^x- -r/K /Ky rc^u> 

^ y ^ — /u^t y — p -y -^t^ =a> 7 « =,/wcc— 
T^y^^uv^y ^ -/uqe- y - P - 4 ^ =./u 

31—r/K i/y^y 3-^; - p - a- 3 f 

=>ju7x.=-jux.—7A'* #y oi^u^^y 3— /i^y- 
p - K=!f-/P7x^x- tvK #yxf uy^y 3 
— A^ey - p - K y 3t-/i^7xn/ux~f/K. #y 31 20 

-^/v/^^sKy^^u^^y =i-/u-p -T/^/uy 

— 7VK f/V3i— tvK My h^ri/v-y /Urn— ^ 

zu, h y^ h^r'>->y/^-^/K h y y 
yurc-x/K h y y h s-i^y /uy fvum-x/K h y 
31 h3r->->y/M^/^-7vK 2- hy y h**>->y 

/U3C^-/V:c— TVK 2 - h y ^ h3rv">y /Ps^yVz— 
fvK 3 - h y ^ h y /^p f /ux-f;k 3- 
h y3i h^^ixyyUT'D tVUrc-x/U^ifOzKyrii^U 30" 
X^y 3— /P- p -y/UKc/uy ^^/isnL—T/isffimft ; 

[0038] ^-/^s^isfis&iL 
xt/K jKyxf uy^y 3~/R/^f y^x^f 

^yxfi/y^y3-/u*yt^^yix^f/K #y 
3i^u>-^y 3-;^yyt^^f/K zKy^u 
>^y ^-/Ry^y^^r/K jKyxfuy^y 
3-/^/^7^^8x77^ Wxfuy^ya 
-/k; K^^^^f/K iKyxfuy^ya-yu 
hy7^ySx77/K ^yxfuy^y 3-/1^ 40 

>/7h77*ySx77/K iKyxfuy^ya^* 
y # y^77/K ^yxf i/yj/yn-/^ 

y^^t^yftx^f/K ^yxfuy^ya-w 
/^7^ySx77/k ^y^^u:/^y 3-/uqe 
y^^7*yKx^7/K xfi/y^y 3-/1^ 
y/t7*y»x^7/K zKyxfi/y^y 3 _ /VqEV 
/fafygx^f/K #yxf i/y^ya-/wt;/s- 
afygx^T 1 ^ XV xfi/y^y 3— /nty K = f- 
y^^r/K tfy^u^y 3-/ney hyafy 
&3i.*t/K ^yxf i/y/y 3-/^/7 h7^fy 50 



6x77/K ^y^zf-uy^y =— yU^y^^3^v 
Bt^x/K ^yxf i/y^y 3 -/^y/s7'^3ty 
|x^7/K ^yxfuy^y3-wt^^3fy 
Km^/k ^yxfuy^y3-/R>';t3tyi 
^^f/K zKyxf i/y^yn-zu*/ hy7ny^y 
ix7r;u/^ £fO# yxf i/y^y 3-^7/u^/uSx 

31 h*->->y /U3C-7VK h y :/n y/uai-r 
/K hy y h^r'>*>y/M^/U3i— r/K hyaih*:^ 

> y /M ^/ujc-x/u, 2 - h y y h > y /nn^/p 

31— tvK 2 - h y 31 b*ci/~> y /U3c^/U3i— r/K 3 
- h y y b*ri/is ]) /l^o eVVcc— r/K 3 - h y 31 h 
/^P tVU3i— TV^^JKyx^U^y 3 
-/UT^^/U^3i7x/^^^ if^^lf -5 C k a*T-# 

[0 0 3 9] #&^K:fc^T, ±f£ (B) zKym-yvl' 

zm^zt. nbtizm&<r>®mm< **) mint* 
z>kki>\^ mk(Djim®-mm£>xBkfrk*z>fz 
ft, ^m^r^mr^mmimM^kLx^L^ 
(b) zKy x-fw^y uyftf wit ¥ w 

Sli, il^, 3 00-3, 0 00. »*U< tt3 0 0- 
2, 5 0 0tfc5, 

[0 0 4 0] (B) ^y^i-^/H^ftffiftJi, (A) A 
[0 0 4 1] (C) «K 

xmivim&mi&SMift. (a) *j>*j:t^ (b) # 

y ai-x/uS:. (C) T/U3-/u*»«; h>»g 
[0042] rc-c, r/u=-/^*»att urtt, y^ 

/-/K x^;-/K n-T'n/^y— /K i -^o/^y 
JLr-A'+ t y — /K_n / i — 

^y-/K 2-y^y^y-/K sec-^y- 

/K t --<V*y-/K 3->h^/-/K n- 

^^rf-y— /K 2-y ^/U^V^y — /K sec 

1fy-/K 2-3i^/uy^y-/K s e c -^7**y- 
/K ^-f#J— /U-3, n-^^^y— /K 2-3i^/u 
^^y— /K s e c -2|-^^y-/K n-/x/U7/U 
3-/K 2, 6 - v^y ^1V^7$ y - /U- 4 x n ~y*$ 

y—>K s e c-^y7*>/ur/i'3-/K h y y^/uy 

— ^T^3— /K s e c— 7 h77^7/U3-/K s 
*+/—/k y^*>^n^^f-y-/K 3 f 3, 5- 

h y y ^fri/t p^^y — /k ^y^r/W3 — /p s 
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[0 0 4 3] xf uy^!)3-/p x i, 2-/ntVy 
1, =-/K /<V^^v? 

zu-2, 4, 2-y^zi^y*V:^-- zl—2, 
4. ^iJ-Vv^— zW-2, 5, -^T^Vv^-zU- 
2, 4, 2~3if L /^^>v ? ^-/l'- 1 , 3, SAXf- 
UV^y 3— zK ^oei/^!) =— h y zn^u 

; xi^U^^y 3-/1,^ y y ^j:-^ 

x^uv^y 3— /i^y ^)Vzl — r/K xi^u-v 
^ry 3— zi^ey :/o tfzus:— r/K ifuy^!l3«;p 

x^uv^y 3-/^y - 2 -^fvu:/^vux;— tvK 
^ya-zu^yxf/i/x-r/K yxfi/y^y 3— zu 
/H-f/K i/x^lx^^y zl^E-y^^fv'zUxi— x 

-/u^ey -fu e/^— r/K fc'v>^y 3— /v^ey 

— 7VK i/^n fu^y =1 — zl^ y xf/Ux-f/K 

; ^^^Jf^>r ids 
T-££„ Cix^Tz^-zi-^jgtt, 11^^112 

[0 0 4 4] £ *l e> OTzU 3-zl^*gj£<D 5 *>> n-y 
n/V — zK i— yo/V-/K n— :7^y— zK i — 
T^y-zK sec-^;-/K t-^y-/K n 

-^v^y— /k i-^^^y— /K 2-y^yuy^y 

— /K s e c — <<"y9J— A% t — <V^y—/K 3- 
y h^r^^^y^/K n-^H-y-zK 2-y?vV< 
^*y— zK s e c-^*1f/— A\ 2-x^/K/^y 
— zK T'nfcfi'^y 3— zt^yyfvi^-rzK t'd 
ei/y^y ^-/^yxf/ux-f/K ^oei/^y 
3— zi^y :/u f/uai—r zk yofuy^ya-/^ 

[0045] ^ h>^*£i££ L/ctt, rthy, y^vu 

xf/U^hy> y^zu-n-7*o tVU-Jr y?vi— 
n-^f/^FX v*x:?vHrhV> tf'/l'-i-?? 
*trh>s y ^zU-n-^fvl^ h^, XLfvU-n- 
77A'4r h * fvW- n -^^>>/U^r h S?- i - 

^t/^hy, hy^^y^-y^ *>*n^*ij-y 

y^zu^o^fv y x 2, 4 
-^s*y*s*>, rthx/urthy, 7th7xy 
7*yf a w*¥<D\ztt\ r±^-^r± 2, 

4 -^^^v, 2, 4—v/^yv^V, 3. 5 
-^y^V^V, 2, 4-^-^^^v^^y, 3, 5- 

**f>i?*y. 2, 3, 5-y^- 



y^y, 5-y^/w~2, 4-^^^^v x 2, 

2 f 6, 6-f h7^f/^3, 5 

1, 1, 1, 5, 5. 5-^^7/W^n-2, 4-^ 

7 ? yv*yti £<o e-istrb >w* wmfhtiz. 

^flh^Y^Mm^ lSfc^tt2«£JLt£f1i» 

[0 0 4 6] Tx h'XfmkLXtt, **J*T* h\ N 
-yfvU/t^uixTS h\ N, N-'^f/u*;UA7; 
h\ N-xfyU^T^ Ks N, N-i^XL^vWxfc/UJ* 
10 T ^ h\ 7thTU\ N-y?vUT1r hTS h\ N. 

N. N-^xf/U7th7; K, N->Wntty 
h\ N-^f/Ufny Ky, N-*zU*zi^zU*y 

> N N-^/w^yuf^y yy, N-^^/ueny^ 

>\ N-Tir^/u^E-zi'^y V, N-TirfvUf^y 
07 5 K^8Stt, l«*5VMi2««±£RB#fc^ 
[004 7] 3:*^zV*S8&i LTf± x V^/Vfj-tf 

-/^D7^ h>-> ft»n-^o tT/K g^SS i -ypf 
/K SSn-^f/K i» i -^/K RKs ec-^ 

f^/K ^®&n i^/K Rtts e c mm 

3-^ h^i^y^/K RSE^^/l^<V^/K m&2-^ 
^/U^^/K ^2 -^zW^#->zK ftBy<^^/K 

=¥'>zK flF^>^zUi/^n-s^rix/K RSt 
n-;-/K T-fc hPSb^zK TirhKK^zK ft 
fexf uy^ij 3— yu^ey > ^/u^i— r/u, pg£x^u 
30 >-^y 3-/uqE-*yai^zu3i-^zK ft^^^u^^y 
3— /u^y ^^yuji— t^/u, g^Kv'xf yy^y =3— jv 
qey^^z^— xzk i^^^^uv^y 3-^y- 
n-/f zuot— rzK ftgST'n tfyy^y 3-yu^ey y 
fvu:n— yvK ^ofyy^y =2— /^y^L^/Uzn 

— tvk ^/neyy^y 3-/Ry/o fzu^n— r 

/K ft^n fuv^y s-zU^-y^zUai—rzK ft 
g5v?^Dt*u^^y 3-/^y^^zUoi— rzK ft&v? 
/d eyy/y a-z^yxf/yx-r/K v^ft&^y 

3-zK ftK^ h^hy^y 3-zK /nftyKx 
40 f^zK /uety^n-yf/K 7vtt>Wti-T$ 
zK ^»i/rc^-/K ->a*K^-n-^yK %M 
y^zK fLK^^/K fLKn-^zK Mn-7; 
zK ^pyi5?*f^ 7^zw^y^zK ^^zl-K^ 

[0 04 8] /^ib\ (C) ^ISi LT. TzW3-/u^g 
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[0049] *&w<nm&j$.Mm&%>rXs ±!2<s> (c) 
gi^r^ts^, (a) f&ftzm&i-zit&yo (i) 

- (4) ZM*^&£V/iitcttM&i-Z>&\^ m& 

[0 0 50] jyfcttKtt. (A) 

(1) - (4) ^»^^fc^JS*lC7Kt^rt:±ia 

iD-T5o w*>KS> ttfflttt, ^^^J^)^LT^v>T 

i/^ti^o r^)^KJt^i:UTtt, 0-1 
0 OIC. #£L<ttl 5-9 0m5 o 

[0051] *'ote<paantiM 

l0-20m^ H»dM^10-4pii%l«O 

B^b^x^ (») Sk j-*,*,*)***, 

(«0 it. ***A'ttJfjW*ti r 6*t-6. 3P-fK«7/u 
BSft*I* (MO «©7/u$t^6 
20 x ^2 00 \y\W7T4f*r%tlfr 

(*) «for/u5^-^ yr— ^/k 7/^;t//no, 
mi 3 »ffis&tt*jt ut«, «*. 

»B«Stt*K *7-/*#BSStt«l4at*rf*ri*5-c 30 
f 0 0 5 2 1 BBgfiKffiiafie^^gB^fe 

tt % (C) (A) Jfi»«:*j«-f5ft*« (1) 

- (4) 4r«*UT. fcf4Wr«W»cS&lniU 

iD*$W*U »&U (A) rt£*W»Lfc<D*>, 
£tilc.(B) siey*— ryw*:JBaip-rixtfJ:<. tffcRfc 

[0053] *&w<om&®<omiJ3&<oM e #Mk tr 

0) (A) rt£**M-t-6fc** (1) - (4) , XXXfi 
(C) MB*>6ft«MMfe£. 0fS*O*«:lD*T, AD 
*5Mritt*»S*fTofc©^ (B) tf#«:fi£-f* 

© (A) Jj»*r«*r6ft** (1) - (4) fcjtf 

<oh. (b) rit£*B*-ra#ifc. 

® (a) 'j*j>«r«i*-r*fl:*« (1) - (4) , (B) 

^^<t^ (o mm&<D*z so 
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iDxTAD7K^» • *£RlS«rtT 3*16. 

® (A) ^«r»*1-5ft^ft (1) - (4) , (B) 

O&toXXt (C) 0f«*O*fc 

[0 0 5 4] i<0J:5KLr»e>ix-5*«WOliaj*»<0 
±H«»a«tt, #£L<tt. 2-3 0fig%TNfc') > 

g#2-3 0S£%T-fc££, &R<ofltvasa£tteH 
(C) giiai^CiotfTfen^ *fc. *»W 

[0055] *&m<omj&v>$:m^xm$:Mi&*z>\z. 

[0 0 5 6] COROBWtt. ^m^irLX. lgltt 
DtffSO. 0 5-1. 5|xm^g. 2E&9 "Cli** 
0. 1 - 3 M mlgOM^Mt^ ^ i ^T't 5, 
J*1-*BW<0*aFtt. il^ 0. 2-2 0MmT*fcS 0 

®±ie (b) ^5>«>5W!?ffl**j«oiaac-ciDj»UT 

(A) j*5>*:-«IWflsS*, 8t^-C±IB (B) jft^ojj- 
oSMb«btr**«6. ©±E (B) *5>o^iaS^± 

[0 0 5 7] *fc % ±KG> (A) rit^OWftjMEt 

(B) rt»<0»*aK4r«Wi-Sfc*, ^StwfiSCT, 
SKWtcMRLfct), SIR. ffi«U «JE*ifo# 

^ t *5-c# * e ii^, (B) f&$<Dfffi 

ia^tt. a*, 2oo-4oot, »^L<fi2oo- 

[0 0 5 8] roJ:5^LT»fen5*3BWoft*«fl: 
Ktt, flt««*K a*. 0. 3 5-1. 2g/cm 3 , 
#*L<f40. 4-1. lg/cm 3 s S«>IC#*U< 
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ttO. 5-1. Og/cm J f$)5 0 0. 3 5 g/cm 

(B) J: 0. *aicB«1-6CtdS-C* 

So 

[0 0 5 9] *fc, #»9!<0ffi«*{t«tt* 
i\fifc»»«:tfU fci*.tf. ii^rl2 7t, 2. 5 
a tm, 100%RH, 1 ttffitkK Lfc«W\ 

*dcfflia«ft+o (a- 4) <domt«»ne« 
[ooeo] *&w<K>®mmm<D&w&K., 

fiB«*-C*>9, 2. 6-1. 2, »IL<li 

2. 5-1. 2. SfeJC#*U<f42. 4-1. 2T'fo 

(B) ja5>o*#*2:J:»WM-6wfc*5-c#6, 
[0 0 6 1] *»W^fi««YkJRtt; BW-tt^iJi) 
TAffftjftfcftK**-*-*, JWBAJfllUttt 20 

S:8-< v?">y ^y^/Niii^fyn-^-^^t 
^80^5^ ^tliT2 00t 
■C5^IBllrtl»UfcO*). $?)l:S^TT3 4 0U 3 6 
Or. 3 8 0 < CO«lT^^ix3 0^ra"f^D^L, S 
<bKK£T4 2 sr-Cll^Pig/lDjRUTWBtSrJgjfti-*. 
ft£*,fcm<ajg|^£, #*£5£BUSW (Rudolph 
Technologies trJKL Spectra La 
s e r 2 0 0) *rJBl>TWBtffirt"C5 O^Mlfclg 

m«h^t^A»v»mMmm<omwimmtmt lt# so 

* (B) d^Srffl^Srt-eartT 1 *^. 

[0062] *«noeaxHft. »*ttiw»u m> 

R*>*&H3u **tt, MO 

CMP»tt*iflcaFtt6wt^fe, LSI, 
WALSK DRAM, SDRAM, RDRAM, 
D-RDRAM4?©JWf»*flllB«» 

[006 3] 

MM!"*-*. fc*TU £*Ttf>f£«tt, #«W<0«i«««: 
[0 0 6 4] HJStfl 1 

(A) rt#0>Hlt; 7»^hy> b*isif?>2 4 3. 
6 g (££*0*^»&&»S : 1 2 0. 0 g) , 1 , so 
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2-f* (bV*b*^i/V/l>) x^y2 14. 5g 
(£^7K##J8£«38iSJ : 8 0. 0 g) , 7d VVV 
^y3-;u^yyDf/ux-f/i'5 5 9. 3 g, ^^/u 
-n-^yfy^hy2 3 9. 7 gOfi&SSl:, 
-OKI . 0g (ftfeO/R* OSo8*^t=0. 00 

lmoltk) £;*:16 2. Og (Hz O/R 1 OO)** 
/u*=l. Omoltfc) lc«a»Lfc;k*tt«:Si&"eiB* 

-c2*Bfass*fcot> % SffiT-c^sissi, 000 

U-vjZ/ufcftfc. 

B/SttOM ; ±f5T-ftfc#y ->o^fy^H 0 0 g 
(l*»2 0g) ir, tfy^T-uv^y 
^^K^^^/u (**^*^uvll9*L»«l 0) 
8. 6g£Ss*PU i«^^8-<yf->yay. 
fragile* htticj:9K#U ***8 0t: 

■0 55MBL *^-ea*T2 0 0^5#PnttPjRLfc<3 
*>, $6l-^TT3 4 0r, 3 6 or, 3 8 O'tOKI 
T«1,«L3 O^foMt, S <bKS£T4 2 5t 
tl^PMU *fe8«oK*:*ricLfc. SfelC, ft 
6ixfc«***Jj:0«fll*:, TE*> i *5 9 1MB Lfc. fe^ 
£ic 1 lc^1"o 

[0 0 6 5] flEMM^OM 
1. JfflK££& 

*»WJw*3ltSWe*fflaric»8 0 m 1 ^II 00m 

1 <D#y xMfrCnmz*JtiX&mu 4 oic*— 

3WH«©t^/U«:2 5 
OOrpm, 3lW^ey = -h^#t«U ±IE 

(Rudolph Technologies &§g, S 
pectra Laser200) ICTMCU Z:<0& 

itm { c (ftia^+y^ow-jwin^t^^ 
*>]B&?) /fowMv^^wim'] xi 00} &gtrj 

O :JK^C^k*< 1 0% 
x :flBBMs*£l 0% 

[oo66] 2 . 

V=»-*-£iB^T, (sHEft2, 500 rpm, 3 1^ 
OfttttWUfc. *<V&. ±EJ0M!lE*O*jfe-e 
ftjftLfcffOlIinr, 5K¥^IIUm- (Rudolph 
Technologies ifcSSi, Spectra La 
s e r 2 0 0) *JB^TIWBIfl5rtT?5 0£$iJ£Lfc o ft 

w.»3a (a :&wmm trtt*u ties^ 

O :M^3 a #2%** 
X :&Jg<£>3 <r#2%K± 
[00 6 7] 3 . 
ft ^ixfcMlw^ LT&3g?&{;: X 9 T ? ~ A«S/<^ 
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VTVufcJSttR 1 0 0 k H z OfflttttT, M-ta- 
h/<y#- K(*)S, HP1 6 4 5 1 Bft&ftJ: 

[00 6 8] 4 . Jg£g 
5. 

ft. 

[0 0 6 9 J 6. KTKtt 
#Wcill:12 7t, 2. 5 a tm, 10 0%R 

h, <omm\z i #b»hu sce«^sjBi<& i r*^ 

L"C* 3, 5 0 0 cm- 1 ttR<DH 2 Oizmm-fZ W$L<D 

0 : ftJR*SL 

x : 

[0 0 7 0] .7. CMPitt 

: 3 0 0 g/ cm 2 
«F*#B : 6 0#- 
MRS. BTOSWcxfr o fc. 
O :«ft4L 

X : 4TWh6. 
[ 0 0 7 1] HJ£«2 

(A) *»OHB;^h?> 7g 
{&£hV*$mm^®)&% i 2 0. 0 g) . ^/V b !) 

* b^>9>ie 2. 4 g (%^*jMffiR£»«ft 

80. 0 g) , Vt'fjVVt ^^7^3 2. 4 

g &£in*Mm&&>&9. : 20. og) , i f 2- 

fcT* (h^^h^i/*>y/l-) ^^^2 3 0. 5 g 
aDTkihSMB****: 8 0. Og) , /nl^^ya 
-/u^ey y^/U3i-'r^7 9 8. 9 gO^^Ki^ x > 
a^»0- 9g (ttifc/R 1 OI^/U»=0. 0 0 

1 mo 1 it) &7kl 7 1. 3 g (Hz O/R 1 

/L#=l. Omoltt) »c»^Lfc*ie«**ta-ei«p 
BJWCWTLfc. fi*»<DirFJ*T«, SfefceOlC 
?2B^EfcS*fcO*>, WETT^Wttl, 0 00 

taA«OBOi ; ±&X-mtztfl) i/**<pfSA>i 0 0 g 

f^y®x^7^ (^#->^UVjt«!9St»=l 0) 
10. 8 g&SSlDU ^btift&^%:B^>9->V = 



t"C5£B, *^TB*T2 0 OlC-C53MBD»LfcO 
*>, S&fcKST"C3 4 0t\ 3 6 0t, 3 8 OtOHI 
■C«l«t3 O^WJ-foiDjR U £ <blcK2T4 2 5t 

e*«r« l 
[0 0 7 2] H2&#|3 

(A) «#<OSMt ;fh7^ h ^r>v>7 V 1 0 1 . 3 
g (%£ft*5MllB£4MJm. : 40. 0g)^f;^ 

10 y ^ h^->->7^2 o 3. o g (££an*5WWffi-&Jfc» 

g: 100. Og) % 1. 2-^* (hy^h^^i/U 
/H ^yi6 0. 9 g {%£h\fafffil&&m& : 6 

o. Og) , T'Dfc'u^^y n-zu^ey^d tf/uai-r 

/U7 8 3. 2 g. i . (:n?vUT 

0 . 004mo lit) (DfcS&mz. * 1 7 7 . 5 g 
(H2 O/R 1 OS^/U»=l. OmolJt) £6 

or^TT- 1 *B*MtTBT Lfc e S^*WBTfcT 
a, ish\ze or-c^WBSJCS^fcot). r-trfvur 

1. ooo g i45*-e*Hu B*£*#*2o%<& 

&dc«OSUS! ; ±«B-C#fcd?» •>p*-0->;//H 0 0 g 
(@^#2 0g) lw, ^yxfL^y^y3-/Ry-)y 

(^^">^W^jft93gU|&= 1 0) 

8. 6 g*r8»DU #6ixft:»&**r8-f V^>y 

^^T2 0 0 < Ct5^»lfc(7) 
$^)I^Tf3 4 0t, 3 6 0t, 3 8 OtOl 
30 TWix3 0»B"foiDjRL. $ <bfc:K£T4 2 5t 

tz&zm i 
[0073] ttmn 

MKfll letter, ^yxf 

(**^7^v»9SUft==l 0) 

40 jfe^$T^ 1 

[00 74] *ttW82 

5 3 g, *?vu-n 'Isf-zUj- b>2 

3 9. 7 gSrffi^-f, KP77V7 
9 9 . 0 g 4:«ffli-6B^tt, $mW 1 £ LT^ 

[0 0 7 5] JtR0U3 
so HJBflllC*5t>T, ^yxfu^ya-;^;)^ 
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hiSJjg (^12 0, 0 0 0) *ttJB1-&Sl*tt, 
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[0 0 7 6] 
-I 



2 



I — i - — i — i — 

I 1 I 2 | 3 | 1 

I | | | | 

Mttftftl O I 0 I O I O I x 
I | | | | 

O I O I O I O I O 
I | | | | 

I 2. 4 | 2. 2 | 2. 4 | 3. 0 I 2. 4 
| I | | — |-__ 

m&m II. 2 11. Oil. 2|1. 711. 2 

fe/<rf)l | | I i 
1 I I I I 



Wtt* 14. 7 I 3. 9|4. 3 19. 5 I 4. 5 
(GPa) I I I | | 
| | | | | 

I O I O I O I O I x 

1 1 I — I — I — 

CMPHttl O I O I O I O I O 
I | | , | 



3 
O 



2. 5 
1. 3 



3. 9 



O 
A 



[0 0 7 7] 



(72)»W# # 



(72)*«# fW 

F *-*(##) 4J038 DF022 DL021 DL031 JC32 
KA06 NA21 PA19 PB09 

5F058 AA04 AA10 AC03 ARM AG01 

AH01 AH02 BA07 BA20 BC05 
BF46 BH01 BJ01 JJJ02 
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